Degradation rates of extracellular DNA determined in marine sediments were much higher than those in the water column. However, due to the high sediment DNA content, turnover times were much shorter in seawater. Results reported here provide new insights into the role of extracellular DNA in P cycling in marine ecosystems.
In all aquatic ecosystems, extracellular DNA concentrations in the sediment are 3 to 4 orders of magnitude higher than those in the water column (4, 7, 8, 9) . Extracellular DNA accumulation in sediments could depend on a complex array of biotic factors (e.g., bacteria-mediated degradation rates) and abiotic factors (e.g., DNA binding to mineral and refractory organic particles) which are responsible for a half-life of sediment extracellular DNA longer than that in the water column (2, 10, 14) .
Despite the potential importance of extracellular DNA in lateral gene transfer and biogeochemical cycles (6, 10) , information dealing with degradation and turnover rates of extracellular DNA in marine sediments is practically nonexistent (11) .
In this study, we investigated degradation and turnover rates of extracellular DNA in coastal sediments of the Mediterranean Sea in order to provide new insights into P cycling through extracellular DNA diagenesis.
Study area and sampling. Sediment samples were collected at three coastal stations located in the Adriatic Sea (hereinafter identified as Goro Lagoon, Ancona Harbor, and outside Ancona Harbor). Sediment samples were collected for the analysis of DNase activity and extracellular DNA content as well as the determination of bacterial abundance, biomass, and carbon production. Moreover, surface water samples were collected for the analyses of DNase activity and dissolved extracellular DNA.
Determination of DNase activity. DNase activity was determined fluorometrically by using a fluorescent DNA analog, poly deoxyribo-1-N 6 ethenoadenylic acid [poly(dεA)] (16). Poly(dεA) substrate was prepared by a chemical modification of poly(dA) (fragment length, 50 bases) with chloroacetaldehyde according to the procedure of Cazenave et al. (3) . Kinetic parameters of extracellular DNA hydrolysis were determined by incubating sediment and seawater samples with increasing concentrations of poly(dεA) that had previously been diluted with prefiltered and autoclaved seawater. Autoclaved sediment and seawater samples were utilized as blanks. All samples were incubated in the dark at the in situ temperature and subsequently analyzed fluorometrically. The fluorescence of the samples was converted into the amount of released mononucleotides by using calibration curves obtained from standard solutions of 1,N 6 -ethenoadenine deoxyribose-5Ј-monophosphate. The maximum velocity and half-saturation constant were calculated by using Lineweaver-Burke plots of the reaction velocity versus substrate concentrations. In order to test the specificity of poly(dεA) for the detection of extracellular nuclease activity, sediment samples treated with commercial nucleases were mixed before incubation with the fluorescent DNA analog and compared with samples without enzyme addition.
Extracellular DNA in sediments. Extracellular-DNA analyses were carried out according to the nuclease-based procedure described by Dell'Anno et al. (9) . This procedure allows quantification of the bioavailable (i.e., hydrolyzable by nucleases) fraction of the extracellular DNA pool.
Extracellular DNA in seawater. In order to quantify the bioavailable fraction of the dissolved extracellular DNA pool in seawater samples, we utilized the nuclease-based procedure described by Siuda and Chrost (15) .
Bacterial parameters. Benthic bacterial abundance and biomass were determined by epifluorescence microscopy according to Danovaro et al. (5) . Bacterial production was measured by [ 3 H]leucine incorporation according to the procedure described by van Duyl and Kop (17) for sediments.
Kinetic experiments revealed that the half-saturation constant was low for both seawater and sediment samples (Fig. 1a  and b) . DNase activity increased linearly with time in both sediment and seawater samples (Fig. 2) . Sediment samples incubated with commercial nucleases reached a plateau of fluorescence after 60 min (Fig. 3) . Results obtained by fluorometric assay with the fluorescent DNA analog and by highpressure liquid chromatography analysis with high-molecularweight DNA did not show significant differences (data not shown).
DNase activities and extracellular DNA concentrations in sediments were characterized by clear changes among the investigated sites with the highest values at Goro Lagoon and the lowest values outside Ancona Harbor (Table 1) . Turnover times for extracellular DNA (calculated as the ratio between extracellular DNA concentrations and degradation rates [12, 13] ) were much longer in sediments than in the water column (Table 1) .
Degradation and turnover rates for extracellular DNA. Information on degradation and turnover rates for extracellular DNA in marine environments is still limited and almost completely restricted to the plankton domain (12, 13) .
In this study, we found that degradation rates for extracellular DNA in sediments were 7 to 100 times higher than those for extracellular DNA in the water column. However, due to the high extracellular DNA content in sediments, turnover times were much shorter in seawater (29 to 93 days in sediments versus about 10 h in seawater). Calculation of turnover times could be biased by quantitative estimates of extracellular DNA pools, which do not reflect actual bioavailability (9, 10) . This was not the case in this study, since we quantified only the bioavailable fraction of the extracellular DNA. Therefore, long turnover times for extracellular DNA in marine sediments are Previous studies have hypothesized that extracellular DNA in marine sediments might represent an important source of P for bacterial growth and turnover (4, 7, 9) . In order to explore the potential ecological implication of extracellular DNA in benthic biogeochemical processes, we estimated the daily bacterial P requirement on the basis of bacterial C production (assuming a bacterial C/N/P ratio of 40:10:1 [18] ) and the daily P supply derived from DNA degradation rates (assuming for DNA an average P content of 10% [1] ). From these estimates, we calculated that extracellular DNA might potentially supply, on average for the three sampling sites, 41% of the daily bacterial P requirement.
Although further studies are needed to clarify the ecological role of extracellular DNA, our results suggest that extracellular DNA degradation may play an important role in P cycling in marine ecosystems.
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